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Why do we need Isotope Microscopy?

= Isotopes are used as tracers for

= chemical reaction path, circulation of elements, origin of
elements,and dating, etc.

= When solid phases are newly produced in an environment,
the environmental change brings with variations of isotope
ratios. The time variation are sequentially fixed in the
growing solid.

= If we visualize 3-D distribution of isotope ratios in the solid,
we learn the evolution of the environment. If the

environment is open system, we learn origin of the element.
These are the reason why we need isotope-microscopy.

= However, the isotopic variation in nature is usually small
(less than 1%). High precision measurements for isotope
ratios are required.

= How to realize such isotope-microscopy?
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= Scan imaging method = Direct Imaging method
= High Spatial Resolution = Wide Area with High
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» High precision analysis

= Long measurement time = Spatial Resolution is
for wide area limited by ion optics

« High precision analysis is
difficult for wide area
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Spatial Resolution of Stigmatic Optics
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Performance of Secondary lon Optics for
Cameca ims 1270
= Spatial resolution: sub-micro meter

» Statistical precision: ~0.1% (1%o) for ~10 nm
sputtering depth
= Image field: 200 x 200 pm for conductors
100 x 100 pm for insulators
Il =

= Requirements for ion-imaging detectors

= >10° counts/(0.5 pm)=/(10 nm)

= >101°9 counts/field
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Non-destructive Readout (NDRO)
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Linearity and Dynamic range
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Relative sensitivity among ion species
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SCAPS: a solution for ideal ion image detection

= Sensitive for ions from single ion

s 600 x 600 pixels (20 x 20 pm/pixel)

= Small dead space (high-aperture-ratio pixel design; 88%)
= NO dead time

= Monitoring of accumulating state for ions

= Small readout noise

= Wide dynamic range

= constant sensitivity for all ions

» Robustness

= Slow readout —0.3um
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Isotope microscope system
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Example of isotope image




O Isotope distribution in CAl
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BSE vs secondary ion image




Spatial resolution
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O Isotope image

« (160, 170, 80)= (99.763, 0.0372,
0.1995)

» Not sufficient intensity per pixel

age pracessing
8 x 9 binning
Smoothing by moving-average
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Effect of image processing




For 170 imaging

= High mass resolution
= M/AM = 5000
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180/16Q vs 170/160
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Evaluation by conventional results
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Application |: Survey of presolar grains
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Application |: Survey of presolar grains
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Application ll: Oxygen isotopic variation in the
early solar system
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Application lll: Hydrogen distribution and
the isotopic variations of a Martian meteorite

H:99.9885%  ~0.1% D:0.0115%  ~10ppm




